Abstract
Introduction

54
The Amazonian rainforest is regarded as one of the primitive continental regions and 55 atmospheric aerosol particles over the region are expected to be influenced minimally by (China et al., 2016) . PBA particles can contribute to CCN 90 after being transported to cloud formation altitudes by strong convection (Artaxo et al., 2013) .
91
The Amazon Tall Tower Observatory (ATTO) consists of several observatory towers built 92 in the middle of the Amazon rainforest for a continuous and detailed study of biota-atmosphere 93 interactions (Andreae et al., 2015) . At the ATTO site, single particle analysis by a combination of 94 scanning transmission X-ray microscopy/near edge X-ray absorption fine structure spectroscopy
95
(STXM/NEXAFS) and SEM/EDX highlighted the dominance of biological particles (Fraund et Manaus, the capital of Amazonas state, is a large city located in the northern region of 100 Brazil with more than 2 million inhabitants in an area of 11,401 km² (IBGE, 2017). The city, which 101 is surrounded by the largest tropical rainforest, has a large industrial zone, a port area at the Rio
102
Negro, an energy matrix based on fuel oil, diesel, and natural gas, and a growing automotive fleet 103 (Martin et al, 2010a (Martin et al, , 2016 . Consequently, the pollution plume from Manaus can act as a laboratory 104 for examining the perturbations in natural processes (Martin et al, 2016) . Based on an investigation 105 on particulate matter during the wet season, more oxidized organic components were observed to 106 be present at sites downwind of Manaus than the upwind ones (de Sá et al., 2018), of which one 107 third was of an urban origin (Palm et al., 2018 ).
108
Only a few studies examined airborne particles over the Amazon rainforest and nearby 
137
During the sampling period, the temperature was in the range of 22 to 32°C and the relative 138 humidity was above 55%. On April 16 and May 1 and 2, rain events occurred within the previous 139 24 hours prior to sampling. The ten-day backward air-mass trajectories were obtained using the Oxford Link SATW ultrathin window EDX detector, which has a spectral resolution of 133 eV for
148
Mn Kα X-rays. The X-ray spectra were recorded using INCA Energy software. To achieve the optimal experimental conditions, such as the low background level in the X-ray spectra and good 150 sensitivity for low-Z element analysis, an accelerating voltage of 10 kV, a beam current of 0.5 nA,
151
and a measuring time of 20 s were used. X-ray spectral data acquisition for individual particles 152 was carried out manually in point analysis mode, i.e., the electron beam was focused at the center 153 of each particle, and X-rays were acquired while the beam remained fixed on this single spot. The 154 secondary electron images (SEIs) and X-ray spectra of an overall 3,162 individual particles for the 155 ATTO and Manaus samples were examined. As the TEM grids are thin (35-70 nm thickness), 156 strong X-rays from the Al or Cu metal stub commonly used in the SEM/EDX measurement would 157 be a problem when the TEM grid substrate is placed on it. A home-made sample holder ( Fig. 3(a) ) 158 for the TEM grid samples was used to avoid interference from the metal stub, resulting in X-ray 159 spectra of bare TEM grids, which showed only C and O X-ray peaks from their carbon/Formvar 160 thin-film, a Cu-L peak caused by lateral scattering from the Cu bars of TEM grids, and a Si peak 161 from an impurity, as shown in Fig. 3(b) . The net X-ray intensities for the chemical elements were In this study, the analyzed particles were classified based on their X-ray spectral and SEI 177 data, where 9 different particle types were observed in the samples collected at the ATTO and particles, and pyrogenic carbon particles dominated in accumulation mode (Pöschl, et al., 2010) .
188
With the exception of the reacted sea-salt particles probably from the Atlantic Ocean, the particle The crystalline structure of the ammonium sulfate-containing particles observed in this study 243 suggests that they are sulfates fully neutralized with ammonia. In addition, the Raman spectra of 244 airborne particles exhibiting this morphology were obtained on a single particle basis to confirm 245 that they are ammonium sulfate. As shown in Fig. 7 the organic and inorganic mixture aerosols would similarly be present as core-shell structures.
306
Some of the SOA and AS mixture particles were also mixed with K-salts. As shown in Figs. Raman peak of the airborne ammonium sulfate particle at 982 cm -1 (Fig. 7(a) ), which is indicative 311 of the K2SO4 moiety (Mabrouk et al., 2013) , also suggests that the K-salts are most probably K2SO4.
312
A previous study reported that small K-salt-rich particles can act as seeds for SOA formation in origin in the rainforest. The organic moiety is often mixed internally with aged sea-salts, mineral 323 dust, and PBAs, which will be described below. the N-and S-containing ones at the Manaus site ( Fig. 9(b) ). The sea-salt particles may also become 361 mixed with ammonium sulfate over the rainforest and become S-containing ones. Among overall 362 275 reacted sea-salts containing sulfate/nitrate and organics, 71% of them were mixed with K-salts,
363
as shown in Fig. 10(b) . The presence of K-salts in the reacted sea-salt particles indicates that the soot aggregates of fractal-like chain structures (Fig. 11(b) 
11(c))
, and chars of irregular-shaped carbon (Fig. S5, SM1 -2) could be differentiated mixture particles were most abundant (50% and 58%, respectively), followed by pure ammonium 443 sulfates (12% and 18%, respectively), aged mineral dust (19% and 8%, respectively), and pure
444
SOA particles (11% and 6%, respectively). In the stage 2 samples of SA1-SA4, the summed 445 contents of SOA and ammonium sulfate were 73%, 99%, 85%, and 82%, respectively, suggesting 446 that SOA and AS are the predominant species in submicron aerosols collected at the ATTO site.
447
The observation of abundant submicron SOAs, which constitute a significant fraction of fine 
456
In the stage 2 samples, aged mineral dust and sea-salts (19% and 4%) for the SA1 sample, 457 reacted sea salts (11%) for the SA3 sample, and aged mineral dust and sea-salts (8% and 5%) for air-masses from the Atlantic Ocean for the SA1 sample ( Fig. 2(a) ). Many studies have examined although some of the submicron sulfate are of marine and distant origin, whereas aerosols of both 491 local and distant origins are significant in the supermicron fraction.
492
The aerosols collected at the Manaus site were diverse compared to those at the ATTO site.
493
As shown in Fig. 13 influence to the samples is in the order of SM3 > SM2 > SM1.
504
In supermicron Manaus aerosols, PBA particles, aged mineral dust, and reacted sea-salts in 505 addition to SOA and carbonaceous particles are abundant. In the stage 3 aerosols of the SM1 506 sample, the most abundant particles were reacted sea-salts, followed by aged mineral dust, SOA, 507 ammonium sulfate, and PBA particles, which also indicates the strong influence on the SM1 508 sample from the outside. In stage 3 aerosols of the SM2 sample, the most abundant particles were 509 SOA, followed in order by aged mineral dust, reacted sea-salt, PBA, carbonaceous particles, and 510 ammonium sulfate, which also indicates the strong influence on the SM2 sample from the 511 surrounding rainforest areas. In the stages 3 and 4 aerosols of the SM3 sample, the most abundant 512 particles were aged mineral dust (36% and 52% for stages 3 and 4, respectively), followed by 513 carbonaceous particles, PBA, SOA, and reacted sea-salt. As the aged sea-salt contents were 514 relatively low (10% and 4% for stages 3 and 4, respectively), most of the aged mineral dusts appear 
Conclusions
528
In this study, aerosol samples collected in the Amazonian rainforest and Manaus, Brazil 529 during the 2012 wet season were investigated on a single particle basis using low-Z particle EPMA.
530
The aerosol particles were classified into nine particle types based on their morphology on SEIs during long-range transatlantic transport, were abundant in the supermicron fractions at both sites.
551
The submicron aerosol at the ATTO site was influenced mainly by the emission from the rainforest 
